T he mobility and bioavailability of metal ions in natural waters depend on their chemical speciation, which involves a distribution of the metal ions between different complex (metal-ligand) species, colloid-adsorbed species and insoluble phases, each of which may be kinetically labile or inert. For example, in fresh water the metal ions are distributed among organic complexes (e.g., humates), colloids (e.g., as surface-adsorbed species on colloidal phases such as FeOOH), solid phases (e.g., hydroxide, oxide, carbonate mineral phases), and labile complexes with the simple inorganic anionic ligands commonly present in natural waters (e.g., for Zn II , the aqueous species, Zn 2+ , ZnOH + , Zn(OH) 2 (aq), Zn 2 OH 3+ , ZnSO 4 (aq), ZnCO 3 (aq)…).
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In contrast to Na + , K + , Ca 2+ and Mg 2+ , which are the common cations present in most natural waters, most metal ions of environmental interest occur at 'trace' levels: at very low concentrations (mg dm −3 (ppb) range) in pristine waters and in low concentrations (mg dm −3 (ppm) range) in polluted waters. With the availability of very sensitive analytical techniques such as ASV, ICP and ICP-MS, measurement of the total concentrations of these 'trace' inorganic metal ions is easily accomplished. However, these techniques provide little, if any, information about the distribution of metal ions amongst their labile complex species.
The speciation of metal ions, viz., their distribution between soluble labile complexes and inorganic solid phases, can be calculated conveniently by computer simulation. However, the worth of such calculations is critically dependent on the equilibrium model used to define the system, the rigor of the computer modelling program and the reliability of the equilibrium constants used in the calculations. As there are a number of good, well-tested speciation modelling programs now available, reliable simulations depend on the completeness of the equilibrium model and the reliability of the equilibrium constants. The equilibrium model must include all labile species, both soluble and solid phase, that make a measureable contribution to the distribution of the metal ion. In the case of natural waters, this model will include ions such as Ca 2+ and Mg 2+ that will be in competition with trace metal ions for inorganic ligands such as CO 3 2− , SO 4 2− and PO 4 3− . The equilibrium constants reported in the literature will often be derived from experiments conducted at different ionic strengths, often significantly higher than those applicable to natural waters. For a speciation simulation to be numerically reliable, the equilibrium constants must be valid for the ionic strength of the natural water of interest. This may require extrapolation or interpolation from a set of experimental values determined at different ionic strengths (typically in a 0.05 to 3.0 mol dm −3 medium of a supposedly nonlabile electrolyte) to the value applicable to pristine fresh water (ca. 0.0015 mol dm −3 ) or a saline (seawater) medium (ca. 0.67 mol dm −3 ). Choosing the most reliable constants is a serious challenge even for experienced solution chemists. Constants will have been determined by a range of experimental methods, some less appropriate than others, by laboratories with diverse levels of expertise. Even when the experimental measurements are on a simple binary system, such as Pb 2+ + OH − , the choice of different experimental pH ranges, total metal ion concentrations, or ionic strengths, or the nature of the medium (e.g., LiClO 4 
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Critical evaluations of equilibrium data -the role of IUPAC One responsibility of IUPAC is the critical evaluation of published experimental data. For equilibrium constants this includes the identification and recommendation of the most reliable values for each metal-ligand system. This is a very time-consuming process which involves the critical evaluation of experimental methods, numerical treatment of data in each publication and at all ionic strengths reported, applying clearly stated criteria to identify reliable publications and reject others, as well as the test of data reliability by establishing correlations between reliable ("accepted") data for different ionic strengths and rejecting statistical outliers. This process of critical evaluation of metal + ligand equilibrium constants has been applied to the complexes formed between the natural-water-dominant inorganic ligands OH − , Cl − , CO 3 2− , SO 4 2− and PO 4 3− , the proton H + , and the environmentally-significant heavymetal ions Hg 2+ , Cu 2+ , Pb 2+ , Cd 2+ and Zn 2+ , which all occur at trace levels in fresh water and sea water. The results are the outcome of IUPAC project 1999-050-1-500 and are published in a recently-completed series of IUPAC Technical Reports. [2] [3] [4] [5] [6] This review of the IUPAC Technical Reports presents examples of speciation diagrams, viz., plots of metal ion distribution as a function of pH. For brevity the examples and tables are limited to the speciation of Zn II in natural waters. Comprehensive examples for each metal ion for binary systems and natural waters are given in the respective Technical Reports. These diagrams are calculated from the stability constants K n or β p,q,r for each ligand-metal combination. In addition to the experimental equilibrium constants, values of the standard state (zero ionic strength) constants, K n° or β p,q,r°, are also reported. These standard state constants are obtained by extrapolation of the accepted experimental values at finite ionic strengths using the Brønsted-Guggenheim-Scatchard Specific Ion-Interaction Theory (SIT), [7] which represents a reasonable trade-off between theoretical rigor and numerical simplicity.
For the general reaction of a metal ion M with a ligand L (omitting charges except for H + ): 
value of the constant D is defined by the SIT activity coefficient relationship on the molality scale for a single ion i:
in which k represents the electrolyte ions N + or X ⁻ , ε(i,k)
is the aqueous SIT coefficient for short-range interactions between ions i and k, and Δε is the reaction SIT coefficient given by:
A is the Debye-Hückel limiting slope (0.509 mol −1/2 kg 1/2 at 25 °C) and a j B = 1. 
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Speciation calculations
The availability of equilibrium constants and their ionic strength dependencies allows the modelling of metal ion speciation in natural water systems. Figures 1 and  2 present examples for Zn II in natural waters. In fresh water the ionic strength is low, which will cause only small changes in the formation constants from values at I c (or I m ) = 0. However, in a sea water system the changes become more pronounced. This is evident from the data presented in Table 1 Example: a multicomponent freshwater system Figure 1 illustrates the speciation diagram for Zn II in fresh water (I c = 0.0015 mol dm ⁻3 ) in equilibrium with air having a CO 2 fugacity of 10 ⁻1.5 kPa. The total concentration of Zn II was set to 1 nmol dm ⁻3 and the total concentrations of the inorganic anions were those typically found in fresh water [8] ] T = 0.7 µmol dm ⁻3 . The pH was allowed to vary between 6.0 and 9.0. In this range the ionic strength varies from ca. I c = 0.0015 mol dm ⁻3 at pH = 7, to 0.007 mol dm ⁻3 at pH = 9 due to the increase in [HCO 3 ⁻ ] and [CO 3 2⁻ ] at constant f(CO 2 ). The impact on the stability constant values caused by this change in I c was accounted for in the calculation. This calculation also includes the competing reactions between Mg 2+ and Ca 2+ and the ligands (not shown). [9] Figure 1 shows that the predominant species are Zn 2+ (pH ≤ 8.4) and ZnCO 3 (aq) (pH ≥ 8.4), and that hydroxido-complexes (Zn p (OH) q (2p -q)+ ) make only a minor contribution (< 10 %). Chemical Speciation of Environmentally Significant Metals Example: a multicomponent seawater system
In a sea water system high concentrations of chloride (545 mmol dm ⁻3 ) and sulphate (28 mmol dm ⁻3 ) significantly affect the speciation. [8] This is illustrated in Figure 2, 
IUPAC Recommended values of critical equilibrium constants
For a full set of the critically evaluated Recommended or Provisional equilibrium data the reader is referred to the published Technical Reports. [2] [3] [4] [5] [6] To illustrate the scope of the data currently available, Table 2 presents the evaluated stability constants, reaction ion interaction coefficients (Δε) and, where available, the reaction enthalpy change for formation of soluble Zn II complexes with the common environmental inorganic ligands. For the sake of brevity the reactions for nine heterogeneous reactions are omitted from this Table. The reader is referred to the Technical Report. [6] 
